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(57) ABSTRACT

A dnive axle assembly includes a non-rotating spindle having
a cylindrical body defining an internal cavity and an axle shaft
assembly mounted within the internal cavity for rotation
about an axis. A seal assembly 1s positioned within the inter-
nal cavity to provide a sealed chamber between the axle shaft
assembly and the non-rotating spindle. A first air passage 1s
formed within the cylindrical body and includes an air inlet to
be 1n fluid communication with an air supply and an air outlet
in fluid communication with the sealed chamber. A second air
passage 1s formed within the axle shait assembly and receives
air input from the sealed chamber and includes an air output
to be associated with at least one tire.
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DRIVE AXLE WITH AIR PASSAGE FOR TIRE
INFLATION SYSTEM

TECHNICAL FIELD

The subject invention relates to a drive axle that includes an
air passage that forms part of a tire 1nflation system. More

specifically, the air passage 1s formed at least 1n part between
an axle shaft assembly and a spindle.

BACKGROUND OF THE INVENTION

Tire intlation systems are used on vehicles, such as tractor-
trailer vehicles for example, to maintain tire inflation pres-
sures at a desired tire pressure setting. The tire inflation sys-
tem draws pressurized air from on-board air tanks and
supplies this air to an under-inflated tire when tire pressure
falls below the desired tire pressure setting.

Drive axles present challenges for routing air from the air
tanks to the tires. Typically, air hoses must be routed exter-
nally of the axle components and around the outside of the
tires. Such a routing configuration takes up a significant
amount of packaging space that could otherwise be used for
other vehicle components. Further, due to the external mount-
ing, a significant portion of the air hoses 1s exposed to poten-
tially damaging contact from rocks, debris, etc.

SUMMARY OF THE INVENTION

A drive axle includes an air passage for fluid communica-
tion with a tire intlation system. The air passage 1s formed at
least in part between an axle shaft assembly and a spindle.

In one example, a drive axle assembly includes a non-
rotating spindle having a cylindrical body defining an internal
cavity and an axle shait assembly mounted within the internal
cavity for rotation about an axis. A seal assembly 1s positioned
within the internal cavity to provide a sealed chamber
between the axle shait assembly and the non-rotating spindle.
A first air passage 1s formed within the cylindrical body and
includes an air ilet to be 1n fluid communication with an air
supply and an air outlet 1n fluild communication with the
sealed chamber. A second air passage 1s formed within the
axle shaft assembly and receives air mput from the sealed
chamber and includes an air output to be associated with at
least one tire.

In one example, the seal assembly includes first and second
seals that are located near an outboard end of the spindle and
which are spaced apart from each other 1n a direction extend-
ing along the axis.

These and other features of the present invention can be
best understood from the following specification and draw-
ings, the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic representation of a drive axle assem-
bly 1n fluid communication with a tire inflation system.

FIG. 2 1s one example of an air passage formed between a
spindle and an axle shaft assembly.

il

FIG. 3 i1s another example of an air passage formed
between a spindle and an axle shaft assembly.

il

FIG. 4 1s another example of an air passage formed
between a spindle and an axle shaft assembly.

il

FIG. 5 1s another example of an air passage formed
between a spindle and an axle shaft assembly.
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FIG. 6 1s another example of an air passage formed
between a spindle and an axle shaft assembly.

L]
By

ERRED

DETAILED DESCRIPTION OF THE PR
EMBODIMENT

FIG. 1 shows a drive axle 10 receiving driving input from
a power source 12, such as an engine or electric motor for
example. The driving input drives an input gear assembly 14
that includes a differential mechanism as known. The gear
assembly 14 drives axle shafts 16 that are coupled to drive
wheel end assemblies 18. One example of a wheel end assem-
bly 18 1s shown to the leit of FIG. 1. It should be understood
that the opposite wheel end assembly 18 would be similarly
formed.

The wheel end assembly 18 includes a non-rotating spindle
20 that 1s mounted to an axle housing 22. The axle housing 22
houses the gear assembly 14 and axle shafts 16. A wheel hub
24 1s rotatably supported on the spindle 20 by bearings 26. A
tire 28 and associated rim are mounted for rotation with the
wheel hub 24 about an axis A.

A tire 1nflation system 30 includes an air supply reservoir
or tank 32 that 1s used to supply air to the tires 28 when the
tires 28 become under-inflated. The tire intlation system 30
includes a control 34 that determines when air 1s to be sup-
plied and also controls the amount of air supplied as known.
The control 34 can be automatically activated via an elec-
tronic control unit or other similar device to control the
amount of air supplied, or the control 34 can be manually
actuated by a vehicle operator. The control 34 can include
various valves, sensors, pressure regulators, etc. as known to
control distribution of the air from the tank 32. The control 34
1s also configured to stop supplying air to a tire if pressure
falls below a certain level to prevent the tank 32 from being
depleted of air, such as when a tire has experienced a blow-out
for example.

The control 34 supplies air to the wheel end assembly 18
which includes passages that convey the air to the tire 28. FIG.
2 shows one example of a wheel end assembly 18 as used with
the tire inflation system 30. In this example, the spindle 20
includes a cylindrical body 40 having an outer surface 42 and
an inner surface 44 that defines an inner cavity 46. The spindle
20 has an mboard end 48 that extends inwardly toward a
vehicle center. The spindle 20 extends outwardly to an out-
board end face 50.

The axle shaft 16 includes an elongated axle shaft body 52
that extends to a drive flange 54 at an outboard end 56 of the
clongated axle shaft body 52. The drive flange 54 has a larger
diameter than that of the elongated axle shaft body 52. The
drive tlange 54 1s connected to drive the wheel hub 24 (FIG.
1) about the axis of rotation A. The wheel hub 24 substantially
surrounds the spindle 20 and 1s rotatably supported by the
bearings 26. The axle shait 16 1s recerved within the internal
cavity 46 of the spindle 20 and the outboard end 56 extends
outwardly of the internal cavity 46 to terminate at the drive
flange 54.

In one example, the drive flange 54 1s defined by a first
outer diameter D1 and the outer surface 42 of the spindle 20
1s defined by a second outer diameter D2 that is less than the
first outer diameter D1. This facilitates mounting of the wheel
hub 24 to the drive flange 54.

An air passage 58 1s associated with the spindle 20. In one
example, the air passage 58 1s formed within the cylindrical
body 40 and includes an air inlet 60 that 1s 1n fluid commu-
nication with the air tank 32 and an air outlet 62 that 1s 1n fluid
communication with the inner cavity 46. The air passage 58
can be formed by rifle drilling or by other known processing
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methods. Optionally, a groove could be formed within the
spindle 20 to support an air tube 65 (FIG. 1) that would be
positioned to form part of the spindle 20.

A seal assembly 64 1s positioned within the inner cavity 46
to provide a sealed chamber 66. The air outlet 62 opens 1nto
the sealed chamber 66. In one example, the seal assembly 64
includes a first seal 64a and a second seal 645 that are spaced
apart Ifrom each other along the axis of rotation A. The {first
seal 64a and the second seal 645 each directly engage the
inner surtace 44 of the spindle 20 and an outer surface 68 of
the axle shaft 16.

In one example, the air passage 38 includes a first portion
58a that extends 1n a direction generally parallel to the axis of
rotation A and a second portion 385 that extends 1n a direction
transverse to the axis of rotation A. The first portion 58a 1s
significantly longer than the second portion 58b.

The axle shaft 16 includes an air passage 70 that has an inlet
72 1n fluid communication with the sealed chamber 66 and an
outlet 74 to be associated with a tire 28. The air passage 70
includes a first portion 70qa that 1s formed within the elongated
axle shaft body 52 through the outboard end 56 and a second
portion 705 that 1s formed within the drive flange 34. These
passages can be ritle drilled or formed by using other known
Processes.

The seal assembly 64 1s positioned near the outboard end
56 of the axle shaft 16 at a position that 1s adjacent to the
outboard end face 50 of the spindle 20. Thus, the sealed
chamber 66 1s provided near an outboard end of the spindle
20, which leaves an unsealed chamber portion 76 within the
inner cavity 46 of the spindle 20. Further, the wheel hub 24
surrounds the sealed chamber 66 and seal assembly 64.

Air flows from the supply tank 32 to the air inlet 60,
through passage 58 of the cylindrical body 40 to the air outlet
62 at the sealed chamber 66. Air then flows from the sealed
chamber 66 through the passage 70 1n the axle shaft 16 and
then out to the tire 28. Air can enter the passage 58 in the
spindle 20 either directly from the control 34 and air tank 32,
or air could be supplied to the spindle 20 from a chamber
tformed within the axle housing 22.

FIG. 3 shows another example of a wheel end assembly
118 as used with the tire inflation system 30. In this example,
a spindle 120 includes a cylindrical body 140 having an outer
surface 142 and an inner surface 144 that defines an inner
cavity 146. The spindle 120 has an inboard end 148 and
extends outwardly to an outboard end face 150.

An axle shaft 116 includes an elongated axle shaft body
152 that extends to a drive flange 154 at an outboard end 156
of the elongated axle shaft body 152. The drive flange 154 1s
connected to drive the wheel hub 24 about the axis of rotation
A. The axle shait 116 1s received within the internal cavity
146 of the spindle 120 and the outboard end 156 extends
outwardly of the internal cavity 146 to terminate at the drive
flange 154.

As discussed above, a first outer diameter D1 of the drive
flange 154 1s greater than a second outer diameter D2 of the
spindle 120.

An air passage 158 1s formed within the cylindrical body
140 and 1ncludes an air inlet 160 that 1s 1n fluid communica-
tion with the air tank 32 and an air outlet 162 that 1s 1n fluid
communication with the inner cavity 146. As with the con-
figuration discussed above, the air passage 158 includes a first
portion 158a that 1s generally parallel to the axis of rotation A
and a second portion 1585 1s transverse to the axis of rotation
A. The first portion 158a 1s significantly longer than the
second portion 1585b.

A seal assembly 164 1s positioned within the inner cavity
146 to provide a sealed chamber 166. The air outlet 162 opens
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into the sealed chamber 166. In this example, the seal assem-
bly 164 includes first 164a and second seals 1645 that are
spaced apart from each other along the axis of rotation A.

The axle shaft 116 includes a sleeve 180 that 1s fixed to an
outboard end 156 of the elongated axle shait body 152. The
sleeve 180 can be attached by welding, press {it, threaded
interface, splines, etc. The sleeve 180 includes an air passage
182 that has an inlet 184 1n fluud communication with the
sealed chamber 166 and an outlet 186 to be associated with a
tire 28. The air passage 182 1s generally parallel to the axis of
rotation A and extends along an entire length of the sleeve 180
from an inboard end face 188 to an outboard end face 190. The
outboard end face 190 directly abuts against an inboard end
face 194 of the drive flange 154. The outlet 186 1s positioned
to be 1n fluild communication with a passage 196 formed
within the drive flange 154, and which conveys air to the tire
28.

The seal assembly 164 1s positioned near the outboard end
156 of the axle shait 116 at a position that 1s adjacent to the
outboard end face 150 of the spindle 120. The sealed chamber
166 1s provided near an outboard end of the spindle 120
leaving an unsealed chamber portion 176 within an imnboard
end of the cavity 146. The first seal 164a 1s positioned directly
between the inner surface 144 of the cylindrical body 140 and
an outer surface 168 of the axle shaft 116. The second seal
1645 1s positioned directly between the mnner surface 144 of
the cylindrical body 140 and an outer surface 198 of the sleeve
180.

Air flows from the supply tank 32 to the air inlet 160,
through passage 158 of the cylindrical body 140 to the air
outlet 162 at the sealed chamber 166. Air then flows from the
sealed chamber 166 through the passage 182 1n the sleeve
180, through the passage 196 in the drive flange 154, and then
out to the tire 28. Air can enter the passage 158 in the spindle
120 either directly from the control 34 and air tank 32, or air
could be supplied to the spindle 20 from a chamber formed
within the axle housing 22.

FIG. 4 shows another example of a wheel end assembly
218 as used with the tire inflation system 30. In this example,
a spindle 220 includes a cylindrical body 240 having an outer
surface 242 and an imner surface 244 that defines an inner
cavity 246. The spindle 220 has an inboard end 248 and
extends outwardly to an outboard end face 250.

An axle shaft 216, similar to that of FIG. 3, includes an
clongated axle shait body 252 that extends to a drive flange
254 at an outboard end 256 of the elongated axle shait body
252. The axle shaft 216 1s recerved within the internal cavity
246 of the spindle 220 and, as discussed above, a first outer
diameter D1 of the drive flange 254 1s greater than a second
outer diameter D2 of the spindle 220.

An air passage 238 1s formed within the cylindrical body
240 and 1ncludes an air inlet 260 that 1s 1n fluid communica-
tion with the air tank 32 and an air outlet 262 that 1s 1n tlud
communication with the mner cavity 246. As with the con-
figuration discussed above, the air passage 258 includes a first
portion 2584 that 1s generally parallel to the axis of rotation A
and a second portion 2585 1s transverse to the axis of rotation
A. The first portion 258a 1s significantly longer than the
second portion 258b.

A seal assembly 264 1s positioned within the mner cavity
246 to provide a sealed chamber 266. The air outlet 262 opens
into the sealed chamber 266. In this example, the seal assem-
bly 264 includes first 264a and second seals 2645 that are
spaced apart from each other along the axis of rotation A.

The axle shait 216 includes a sleeve 280 that 1s fixed to an
outboard end 256 of the elongated axle shait body 2352. The

sleeve 280 can be attached as described above and includes an
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air passage 282 that has an inlet 284 1n fluid communication
with the sealed chamber 266 and an outlet 286 to be associ-
ated with a tire 28. The air passage 282 includes a first portion
282a that 1s transverse to the axis of rotation A and a second
portion 2825b that 1s generally parallel to the axis of rotation A.
The 1nlet 284 1s formed 1n an outer surface 298 of the sleeve
280 at a position that 1s outboard of an inboard end face 288
ol the sleeve 280. The outlet 286 1s formed at an outboard end
tace 290 of the sleeve 280. The outlet 286 1s positioned to be
in fluid communication with a passage 296 formed within the
drive tlange 254 that conveys air to the tire 28.

The seal assembly 264 1s positioned near the outboard end
256 of the axle shait 216 at a position that 1s adjacent to the
outboard end face 250 of the spindle 220. The sealed chamber
266 1s provided near an outboard end of the spindle 220
leaving an unsealed chamber portion 276 within an inboard
end of the cavity 246. The first seal 264a and the second seal
264b are positioned directly between the inner surface 244 of
the cylindrical body 240 and the outer surface 298 of the
sleeve 280.

Air flows from the supply tank 32 to the air inlet 260,
through passage 258 of the cylindrical body 240 to the air
outlet 262 at the sealed chamber 266. Air then tflows from the
sealed chamber 266 through the passage 282 1n the sleeve
280, through the passage 296 1n the drive tflange 254, and then
out to the tire 28. Air can enter the passage 2358 1n the spindle
220 either directly from the control 34 and air tank 32, or air
could be supplied to the spindle 20 from a chamber formed
within the axle housing 22.

FIG. 5, shows another example of a wheel end assembly
318 as used with the tire inflation system 30. In this example,
a spindle 320 includes a cylindrical body 340 having an outer
surtace 342 and an i1nner surface 344 that defines an inner
cavity 346. The spindle 320 has an inboard end 348 and
extends outwardly to an outboard end face 350.

An axle shaft 316 includes an elongated axle shaft body
352 that extends to a drive flange 354 at an outboard end 356
of the elongated axle shaft body 352. The axle shaft 316 is
received within the internal cavity 346 and the outboard end
356 extends outwardly of the internal cavity 346 to terminate
at the drive flange 354. As discussed above a first outer diam-
cter D1 of the drive flange 354 1s greater than a second outer
diameter D2 of the spindle 320.

An air passage 358 1s formed within the cylindrical body
340 and includes an air inlet 360 that 1s in fluid communica-
tion with the air tank 32 and an air outlet 362 that 1s 1n fluid
communication with the inner cavity 346. As with the con-
figuration discussed above, the air passage 358 includes a first
portion 358a that 1s generally parallel to the axis of rotation A
and a second portion 3585 1s transverse to the axis of rotation
A. The first portion 3358a 1s significantly longer than the
second portion 3585b.

A seal assembly 364 1s positioned within the inner cavity
346 to provide a sealed chamber 366. The air outlet 362 opens
into the sealed chamber 366. In this example, the seal assem-
bly 364 includes first 364a and second seals 3645 that are
spaced apart from each other along the axis of rotation A.

The axle shaft 316 includes a sleeve 380 that surrounds an
outboard end 356 of the elongated axle shaft body 352. The
sleeve 380 1s attached to an inboard end face 394 of the drive
flange 354 by welding, fasteners, etc. The sleeve 380 defines
an air passage 382 between an outer surface 368 of the axle
shaft 316 and an inner surface 399 of the sleeve 380. The
passage 382 has an mlet 384 in fluid communication with the
sealed chamber 366 and an outlet 386 to be associated with a
tire 28. The air passage 382 1s generally parallel to the axis of
rotation A and extends along an entire length of the sleeve 380
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from an inboard end face 388 to an outboard end face 390. The
outboard end face 390 directly abuts against the inboard end
face 394 of the drive flange 354. The outlet 386 1s positioned
to be 1n fluild communication with a passage 396 formed
within the drive flange 354 that conveys air to the tire 28.

The seal assembly 364 1s positioned near the outboard end
356 of the axle shatt 316 at a position that 1s adjacent to the
outboard end face 350 of the spindle 320. The sealed chamber
366 1s provided near an outboard end of the spindle 320
leaving an unsealed chamber portion 376 within an mnboard
end of the cavity 346. The first seal 364a 1s positioned directly
between the inner surface 344 of the cylindrical body 340 and
an outer surface 368 of the axle shaft 316. The second seal
3645 1s positioned directly between the inner surface 344 of
the cylindrical body 340 and an outer surface 398 of the sleeve
380.

Air flows from the supply tank 32 to the air mlet 360,
through passage 358 of the cylindrical body 340 to the air
outlet 362 at the sealed chamber 366. Air then flows from the
sealed chamber 366 through the passage 382 between the
sleeve 380 and axle shatt 316, through the passage 396 1n the
drive flange 354, and then out to the tire 28. Air can enter the
passage 358 in the spindle 320 either directly from the control
34 and air tank 32, or air could be supplied to the spindle 320
from a chamber formed within the axle housing 22.

FIG. 6 shows another example of a wheel end assembly
400 that 1s similar to that of FIG. 5. In this example, a drive
flange plate 410 1s fixed to, or formed as part of, the sleeve
382. The air exits the outlet 386 of the sleeve 382 via a passage
402 formed through a plate body 404 of the drive tlange plate
410. The passage 402 extends radially outwardly relative to
the axis of rotation A and exits at an outlet 406 adjacent the
hub 24.

Although a preferred embodiment of this mmvention has
been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims
should be studied to determine the true scope and content of
this 1nvention.

What 1s claimed 1s:
1. A drive axle assembly comprising:

a non-rotating spindle having a cylindrical body defining
an 1nternal cavity;

an axle shaft assembly mounted within said internal cavity

for rotation about an axis, wherein said axle shaft assem-

bly includes an elongated axle shait body and a drive

flange to be coupled to a rotatable wheel component, and
wherein an outboard end of said elongated axle shaft
body extends outwardly from said internal cavity to
terminate at said drive flange, and wherein said axle
shaft assembly includes a tubular sleeve that i1s posi-
tioned to surround said outboard end of said elongated
axle shaft body;

a seal assembly positioned within said internal cavity to
provide a sealed chamber between said axle shaft assem-
bly and said non-rotating spindle;

a first air passage formed within said cylindrical body and
including an air 1nlet to be 1 fluid communication with
an air supply and an air outlet 1n fluid communication
with said sealed chamber; and

a second air passage formed within said axle shait assem-
bly, said second air passage recerving air input from said
sealed chamber and including an air output to be asso-
ciated with at least one tire, wherein said second air
passage includes a passage portion that1s defined at least
in part by said tubular sleeve.
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2. The drnive axle assembly according to claim 1 wherein
said seal assembly 1ncludes first and second seals that each
engage an inner surface of said cylindrical body and an outer
surface of said axle shait assembly, said first and said second
seals being spaced apart from each other along said axis.

3. The dnive axle assembly according to claim 2 wherein
said cylindrical body extends to an outboard end face and
wherein an outer surface of said cylindrical body 1s sur-
rounded by a rotating wheel component at said outboard end
tace, and wherein said sealed chamber 1s formed adjacent said
outboard end face and 1s surrounded by said rotating wheel
component.

4. The drive axle assembly according to claim 2 wherein
said iternal cavity includes an unsealed chamber between
said cylindrical body and said axle shait assembly, said
unsealed chamber being axially spaced from said sealed
chamber along said axis.

5. The drive axle assembly according to claim 1 wherein
said first air passage icludes a first portion that extends 1n a
direction that 1s generally parallel to said axis and a second
portion that extends in a direction that 1s transverse to said
axis, said first portion being significantly longer than said
second portion.

6. The drive axle assembly according to claim 1 wherein
said drive flange 1s defined by a first outer diameter and an
outer surface of said spindle 1s defined by a second outer
diameter that 1s less than said first outer diameter.

7. The dnive axle assembly according to claim 1 wherein
said second air passage includes a first portion formed within
said elongated axle shaft body and a second portion formed
within said drive flange, said first portion recerving air input
from said sealed chamber and said second portion terminat-
ing at said air output.

8. The drive axle assembly according to claim 7 wherein
said seal assembly includes first and second seals that each
directly engage an outer surface of said elongated axle shaft
body and an inner surface of said cylindrical body, said first
and said second seals being axially spaced apart from each
other along said axis.

9. The dnive axle assembly according to claim 1 wherein
said seal assembly includes a first seal m direct sealing
engagement with an inner surface of said cylindrical body and
an outer surface of said axle shait and a second seal 1n direct

10

15

20

25

30

35

40

8

sealing engagement with said inner surface of said cylindrical
body and an outer surface of said tubular sleeve.

10. The drive axle assembly according to claim 1 wherein
said tubular sleeve includes an outer peripheral surface and an
inner peripheral that 1s 1n direct contact with an outer surface
of said elongated axle shaft body, and wherein said passage
portion 1s formed within a body of said tubular sleeve between
said iner and said outer peripheral surfaces.

11. The drive axle assembly according to claim 10 wherein
said seal assembly includes first and second seals that are each
in direct sealing contact with an inner surface of said cylin-
drical body and said outer peripheral surface of said tubular
sleeve.

12. The drive axle assembly according to claim 10 wherein
said seal assembly 1includes a first seal that 1s 1n direct sealing
engagement with an inner surface of said cylindrical body and
an outer surface of said elongated axle shaft body and a
second seal that 1s 1n direct sealing engagement with said
inner surface of said cylindrical body and said outer periph-
eral surface of said tubular sleeve.

13. The drive axle assembly according to claim 1 wherein
said tubular sleeve includes an outer peripheral surface and an
inner peripheral surface that 1s spaced apart from an outer
surface of said elongated axle shait body, and wherein said
passage portion 1s formed between said inner peripheral sur-
face and said outer surface of said elongated shait body.

14. The drive axle assembly according to claim 13 wherein
said seal assembly includes first and second seals that are
spaced apart from each other 1n a direction along said axis and
wherein an inboard end face of said tubular sleeve 1s located
within said sealed chamber at a position between the first and
second seals.

15. The drive axle assembly according to claim 14 wherein
said first seal directly engages said outer surface of said
clongated axle shait body and an inner surface of said cylin-
drical body, and wherein said second seal directly engages
said outer peripheral surface of said tubular sleeve and said
iner surface of said cylindrical body.

16. The drive axle assembly according to claim 1 wherein
said tubular sleeve has an outboard end face that abuts against
an inboard face of said drive flange.
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